Rumen degradability of protein and amino acids were estimated using the nylon bag technique in four different roughages: cocksfoot, vetch whole crop, clover grass, and lucerne pellets after incubation in the rumen for 4 or 16 h, respectively. Intestinal digestibility of protein and amino acids were estimated by the mobile nylon bag technique in the intact protein and in residues pre-incubated in the rumen for 16 h.
INTRODUCTION
In the Nordic AAT-PBV protein evaluation system for ruminants (Madsen, 1985) the protein value of a feed is expresed as the AAT value (amino acids truly absorbed from the small intestine). Two important parameters used to estimate the AAT value are degradability of the protein in the rumen and intestinal digestibility of the undegraded protein.
Nylon bag methods have been used to predict both of these parameters. The nylon bag method used to measure protein degradation in the rumen has been 1 Present address: Institute of Animal Nutrition and Feed Management, Academy of Agriculture and Technology, 10-718 Olsztyn-Kortowo, Poland described by 0rskov and McDonald (1979) , Kristensen et al. (1982) , and recently tested by Madsen and Hvelplund (1994) . The mobile nylon bag technique, which is a relatively simple method for predicting the true intestinal digestibility of undegraded dietary protein, has been tested by Hvelplund (1985) , De Boer et al. (1987) , Hvelplund et al. (1992) , and Jarosz et al. (1994) .
Protein degradation in the rumen influences the ratio between amino acid nitrogen (AAN) and total N in the residue after incubation compared to the ratio in the feed protein. Results presented by Rooke et al. (1984) and Hvelplund (1987) indicate a decrease in the ratio between AAN and total N for different roughages after pre-incubation in the rumen.
A significant relationship between the protein degradability in the rumen and the true digestibility of undegraded protein has been obtained by Hvelplund et al. (1992) . An increased degradability of protein in the rumen results in a reduced digestibility of the rumen undegraded protein. A low intestinal digestibility of the undegraded feed protein compared to the original feed protein is observed if the feedstuffs contain a significant portion of protein, which is both totally indigestible in the intestine and undegradable in the rumen (Hvelplund et al., 1992) .
The present study was undertaken to determine protein and amino acid degradability of four different roughages after 4 and 16 h incubation in the rumen, respectively, and to test the protein and amino acid digestibility in the small intestine of original and rumen undegraded protein.
MATERIAL AND METHODS
The experiment was carried out on two dairy cows equipped with a rumen cannula and a duodenal cannula. The cows were fed a standard diet at maintenance level consisting of grass hay and concentrate (1/3 concentrate and 2/3 hay on feed basis).
Rumen degradation
Cocksfoot, vetch whole crop, clover grass, and lucerne pellets were incubated in the rumen using the nylon bag technique. The nylon bags, with a pore size of 36x36 /mi, were placed in the rumen of each at 8 am and incubated for 4 or 16 h, respectively. Ten bags, each containing 1 g, were used for 4 h incubation, and 20 bags, each containing 1.5 g, were used for 16 h incubation. All feedstuffs were incubated in the rumen according to the procedure described by Kristensen et al. (1982) . After incubation the bags were washed in a domestic washing machine, treated in a stomacher to remove microbial contamination, and freeze dried before further analysis.
Intestinal digestibility
The true intestinal digestibility of the different samples were estimated by the mobile nylon bag technique (Hvelplund et al., 1992) . Undegraded dietary protein was prepared as described above. Each intestinal bag (pore size 9x9 /im; dimension 6x6 cm) was weighted with approx. 0.5 g freeze dried residues or original protein, and the bags were heat-sealed.
The samples were pre-incubated in a pepsin-HCl solution (100 mg pepsin per 1 of 0.004M HC1 solution, pH 2.4) for 2 h at 39°C and introduced into the intestines of the cows through the duodenal cannula (12 mobile bags/cow/day). The bags were recovered from the faeces, washed, and the residues were freeze dried before further analysis.
Chemical analysis and calculations
The feedstuffs and residues were analyzed for dry matter (DM) and nitrogen (N) according to conventional methods (A.O.A.C., 1990) . Amino acids were determined by the method described by Mason et al. (1980) . Degradability and true intestinal digestibility of protein and amino acids were calculated as the disappearance from the bags after rumen incubation or passage through the intestine, respectively.
RESULTS
The nitrogen content and amino acid composition of the four tested feedstuffs are given in Table 1 . The concentration of total AAN was higher for clover grass and lucerne pellets (approx. 66.5 g/100 g of N) compared to cocksfoot and vetch whole crop (approx. 61 g/100 g of N). Differences in the concentration of individual amino acids among the different feeds were also found as shown in Table 1 .
The degradability of protein and amino acids in the four roughages, after 4 and 16 h incubation in the rumen, are shown in Table 2 . Ruminal N and AAN disappearance increased with rumen incubation time. Degradability of N after 4 and 16 h incubation in the rumen were 0.486 and 0.699 for cocksfoot, 0.729 and 0.864 for vetch whole crop, 0.615 and 0.786 for clover grass, and 0.517 and 0.630 for lucerne pellets, respectively. Degradability of total AAN followed the same trend as nitrogen and only small differences were observed, whereas there were notable differences among individual amino acids, and methionine seemed to be the amino acid most resistant to degradation as the degradability of this amino acid in all cases was lower than for nitrogen. The degradability of N and total AAN after 4 or 16 h incubation in the rumen for cocksfoot and lucerne pellets * Tyrosine is increased with 15% to adjust for oxidation losses. This gives an approximate estimation of this amino acid which should only be used for summation was lower compared to the degradability found for vetch whole crop and clover grass. The proportion of total AAN in orginal and undegraded dietary protein after 4 and 16 h of rumen incubation is shown in Table 3 . The proportion of amino acids in the undegraded protein after 4 h of incubation had only changed to a small extent compared to the original protein. After 16 h of incubation a decrease was observed, except for cocksfoot for which incubation in the rumen increased the proportion of amino acids.
Results on intestinal digestibility obtained by the mobile nylon bag technique on original protein in the different feedstuffs and rumen undegraded protein after 16 h pre-incubation in the rumen are given in Table 4 . The intestinal digestibility in the original protein varied between 0.820 and 0.887 for N, and between 0.869 and 0.931 for total AAN. Digestibility of individual amino acids in the original protein was at the same level as for total amino acids, except for cystine which showed a markedly lower digestibility compared to all other amino acids. The true digestibility of N and AAN in the undegraded residue after 16 h of rumen incubation were much lower than values obtained for the original protein.
Values for true digestibility of N varied between 0.444 and 0.748, and for total AAN between 0.559 and 0.844. In all feeds the lowest digestibility for an individual amino acid was observed for cystine, and a value as low as 0.294 was found for clover grass. The digestibility of total AAN was higher than for N in both the intact protein in the different feedstuffs and in the undegraded protein after 16 h of rumen incubation. A comparison of estimated and calculated true digestibility of nitrogen and amino acid nitrogen in the undegraded protein is shown in Table 5 .
The true intestinal digestibility of rumen undegraded protein and amino acid nitrogen were calculated according to the following equation for protein proposed by Hvelplund et al. (1992) but here also applied for amino acids by substituting protein with amino acids in the equation: TD = (UDN -TU)/UDN where: TD = true digestibility in the small intestine UDN = fraction of undegraded dietary protein (amino acids) TU = fraction of true indigestible protein (amino acids) in the feed
The results are shown in Table 5 , and considerable differences were observed between the estimated and calculated values according to the above equation. For both N and AAN a higher true digestibility was obtained by using the mobile nylon bag technique on rumen undegraded protein compared to the calculated value from the equation based on rumen degradation and digestibility of intact protein.
DISCUSSION
The flow of amino acids to the small intestine in ruminants is not directly related to the amount of amino acids in the feed. The reason for this is degradation of feed protein and microbial protein synthesis in the rumen. These processes can have a substantial effect on the amino acid flow to the intestine compared to the amount found in the feed (Hvelplund and Madsen, 1989) . Prediction of the flow of amino acids to the small intestine from undegraded dietary protein is commonly based on degradabilities of crude protein obtained by the nylon bag method. The undegraded dietary protein is then converted to amino acids by a factor representing the proportion of amino acids in the undegraded dietary protein.
In the AAT-PBV protein evaluation system (Madsen, 1985) the factor for the conversion of undegraded dietary protein from roughage to amino acids was estimated to 0.65. This factor was based on the proportion of amino acids in the protein of roughage rich diets leaving the rumen (Hvelplund and Madsen, 1985) , and on estimates of the proportion of amino acids in nylon bag residues after pre-incubation in the rumen (Rooke et al., 1984; Hvelplund, 1987) . From these experiments pre-incubation reduced the proportion of amino acids in the undegraded protein compared to the intact feed protein.
The same trend was observed for vetch whole crop, clover grass, and lucerne pellets in this experiment after 16 h of pre-incubation in the rumen. For cocksfoot the proportion of total amino acids increased due to pre-incubation which indicate a more rapid degradation of those N containing substances which are not amino acids. For the prediction of intestinal supply of individual amino acids degradation of each single amino acid in the rumen is an important parameter, which becomes necessary if the modern protein evaluation systems are extended to include the supply of individual amino acids as well.
Based on an extensive literature review Rulquin and Verite (1993) concluded that the differences in amino acids profile between feed protein and the corresponding undegraded protein can be considered as rather small, which means that nitrogen degradability can also be used for the individual amino acids. The degradabilities obtained for the different roughages in this study showed some differences between nitrogen degradability and degradability of individual amino acids. Most pronounced, in this respect, was methionine in cocksfoot for which the degradability of this amino acid was 0.18 and 0.10 units lower than for nitrogen after 4 and 16 h incubation in the rumen.
Not only is the supply of undegraded feed amino acids to the intestine of importance but their subsequent digestion in the intestine is also factor of concern.
The mobile bag technique has been proven to be a reliable and easy technique for the prediction of nitrogen digestibility in concentrates (Hvelplund et al., 1992) but for some roughages, especially of tropical origin containing antinutional factors or highly lignified, recent experiments (Mgheni et al., 1994) have revealed problems with this method as pre-incubation in the rumen influence digestibility of the protein. This means that digestibility of undegraded dietary protein cannot be calculated from information based on the intact protein in some feeds.
Intestinal digestibility of both protein and amino acids in the present experiment were lower for the pre-incubated samples compared to the intact samples, as shown in Table 4 . This is in agreement with the concept that proteins contain a fraction which is both undegradable in the rumen and indigestible in the intestine, and lead to a lower digestibility of undegraded protein compared to intact protein, as outlined by Hvelplund et al. (1992) .
The hypothesis was tested for both protein and total AAN and substantial deviations were observed between estimated and calculated values (Table 5 ). The reason for this could possibly be ascribed to the effect of pre-incubation in the rumen, where a part of the indigestible fraction in the intact protein could be degraded by the microbes in the rumen. This has previously been observed for tropical feeds but is obviously also the case for some temperate feeds; however, not for all, as no effect of pre-incubation was found on the amount of indigestible protein for grass silage, rye grass, and clover in an experiment by van Straalen et al. (1993) .
For all feeds the digestibility of total AAN was higher than N digestibility. This is in agreement with earlier observations in which digestibility was estimated in infusion experiments with sheep (Hvelplund, 1985) . The reason for this is not clear but may be ascribed to a higher proportion of nitrogen compared to amino acids in the indigestible fraction, which is likely to be cell wall bound protein.
The lower digestibility of cystine compared to all other amino acids, as shown in Table 4 , is in agreement with earlier observations in infusion experiments with sheep (Hvelplund and Hesselholt, 1987) , and from studies in which the intestinal disappearance was measured in cannulated animals (Armstrong et al., 1977) , and may indicate a low availability of this particular amino acid in a variety of different feeds.
